The neuroimaging literature provides compelling evidence for functional dysconnectivity in people with psychosis. However, it is likely that at least some of the observed alterations represent secondary effects of illness chronicity and/or antipsychotic medication. In addition, the extent to which these alterations are specific to psychosis or represent a transdiagnostic feature of psychiatric illness remains unclear. The aim of this study was therefore to examine the diagnostic specificity of functional dysconnectivity in drug-naïve first-episode psychosis (FEP). We used resting-state functional magnetic resonance imaging and functional connectivity analysis to estimate network-level connectivity in 50 patients with FEP, 50 patients with major depressive disorder (MDD), 50 patients with post-traumatic stress disorder (PTSD), and 122 healthy controls (HCs). The FEP, MDD, and PTSD groups showed reductions in intranetwork connectivity of the default mode network relative to the HC group (po0.05 corrected); therefore, intranetwork alterations were expressed across the three diagnostic groups. In addition, the FEP group showed heightened internetwork connectivity between the default mode network, particularly the anterior cingulate cortex, and the central executive network relative to the MDD, PTSD, and HC groups (po0.05 corrected); therefore, internetwork alterations were specific to the FEP. These findings suggest that network-level alterations are present in individuals with a first episode of psychosis who have not been exposed to antipsychotic medication. In addition, they suggest a dissociation between aberrant internetwork connectivity as a distinctive feature of psychosis and aberrant intranetwork connectivity as a transdiagnostic feature of psychiatric illness.
INTRODUCTION
Although it is recognized that psychosis is associated with abnormalities in specific regions of the brain, it has not been possible to explain its complex clinical features on the basis of localized deficits. This has led to the hypothesis that the core neural deficit of this disorder lies in abnormal functional integration within large-scale neuronal networks (Friston, 1998; Pettersson-Yeo et al, 2011; Schmidt et al, 2014) . Over the past two decades, the development of neuroimaging techniques, such as resting-state functional connectivity magnetic resonance imaging (rs-fcMRI), has provided an opportunity to investigate this hypothesis in detail (Fornito and Bullmore, 2015; Pettersson-Yeo et al, 2011; Rubinov and Bullmore, 2013b; van den Heuvel and Fornito, 2014) . This has revealed aberrant connectivity in several networks including, amongst others, the default mode network (DMN), central executive network (CEN), and salience network (SN) of patients with psychosis (Menon, 2011; Woodward and Cascio, 2015) .
The DMN is involved in the monitoring of internal processes including autobiographical and self-monitoring, and is typically deactivated during stimulus-driven, externally oriented cognitive tasks; it includes the anterior and posterior cingulate cortex, the medial prefrontal cortex, the medial temporal lobe, and the angular gyrus (Littow et al, 2015; Menon, 2011) . DMN dysfunction is commonly observed in psychosis, and is thought to underlie the deficits in episodic memory and self-monitoring typically observed in this disorder (Littow et al, 2015; Menon, 2011) .
The CEN is responsible for high-level cognitive functions including planning, decision-making, working memory, and attentional control in the context of goal-directed behavior; it includes the dorsolateral prefrontal cortex and the posterior parietal cortex (Littow et al, 2015; Menon, 2011) . As psychosis is characterized by some degree of cognitive dysfunction, it is not surprising that this network is disrupted in this condition (Littow et al, 2015; Menon, 2011) .
The SN is involved in detecting, orienting to, and integrating salient external stimuli and internal events such as interoceptive, autonomic, and emotional information; it comprises the dorsal anterior cingulate cortex, the frontoinsular cortex, the amygdale, and the substantia nigra/ventral tegmental area. Impaired processing of salient external stimuli and internal events is thought to affect both cognition and self-monitoring in psychosis (Menon, 2011; Menon and Uddin, 2010) .
Taken collectively, the above findings suggest that DMN, CEN, and SN dysfunction is a prominent feature of psychosis (Nekovarova et al, 2014) . The significance and translational applicability of these findings, however, is unclear because of two critical limitations in the existing literature. First, apart from few notable exceptions (Du et al, 2015) , the vast majority of studies compared a group of patients against a control group of healthy individuals; therefore, it was not possible to establish whether any observed differences were specific to psychosis or represented a general feature of psychiatric illness. From a clinical translation perspective, the real challenge is not to distinguish between patients and healthy individuals, but to develop differential biomarkers that could be used to distinguish between alternative diagnoses (Kapur et al, 2012) . Second, the vast majority of previous studies examined patients with established psychosis who had been on antipsychotic medication for several weeks, months, or even years. This means that some of the network-level alterations reported in these studies might reflect secondary effects of illness chronicity and/or antipsychotic medication (Sarpal et al, 2015) .
Here we attempted to address the limitations of the existing literature by investigating network-level functional connectivity in 50 drug-naïve patients with a diagnosis of first-episode psychosis (FEP), 50 drug-naïve patients with a diagnosis of major depressive disorder (MDD), 50 drugnaïve patients with a diagnosis of post-traumatic stress disorder (PTSD), and 122 healthy individuals free from psychiatric diagnosis (healthy controls (HCs)). All participants were examined with rs-fcMRI using the same scanner and acquisition sequence, allowing the direct comparison between the different diagnostic groups. We hypothesized that (i) patients with FEP would express lower withinnetwork connectivity, particularly within the DMN given the use of a resting-state paradigm (Pettersson-Yeo et al, 2011) , than HCs; (ii) patients with FEP would express heightened internetwork connectivity, particularly between the DMN and the CEN consistent with previous investigations that used the same resting-state paradigm (Manoliu et al, 2014; Williamson, 2007) relative to HCs; (iii) some of these changes would also be expressed in the MDD and PTSD groups, whereas others would be specific to patients with FEP.
MATERIALS AND METHODS

Participants
Subsets of the data used here have been used in previous studies (Jin et al, 2014; Lui et al, 2011; Ren et al, 2013) . The present investigation was approved by the local research ethics committee and written informed consent was obtained from all participants. Exclusion criteria applicable to all participants included (i) history of drug or alcohol abuse, (ii) pregnancy, and (iii) any physical illness such as hepatitis, cardiovascular disease, or neurological disorder, as assessed by interview and review of medical records. While cannabis use was not an exclusion criteria, none of the participants reported being previous or current users. More information on each group is provided below.
First-Episode Psychosis
Fifty patients with FEP were included in the analysis here (see Table 1 ). Diagnosis of FEP and duration of illness were determined by the consensus of two experienced clinical psychiatrists using the Structured Interview for the DSM-IV Axis I Disorder, Patient Edition (SCID) (First et al, 1997) . Psychopathology was measured on the day of scanning using the Positive and Negative Syndrome Scale (PANSS) (Kay et al, 1987) . At the time of scanning, all patients were medication-naïve.
Major Depressive Disorder
Fifty participants with MDD were included in the analysis here (see Table 1 ). These participants were part of a larger cohort study of major depression in the Chinese population of Han nationality. Diagnosis of MDD was made with the SCID (First et al, 1997) . Severity of depression was quantified using the 17-item Hamilton Depression Rating Scale (HAM-D) (Williams, 1988) ; all participants had a total HAM-D score ⩾ 18 on the day. At the time of scanning, all patients were medication-naïve.
Post-Traumatic Stress Disorder
Fifty participants with PTSD were included in the analysis here (Jin et al, 2014 ) (see Table 1 ). These participants were survivors of the 2008 Sichuan earthquake who had all physically experienced the earthquake, personally witnessed death, serious injury, or the collapse of buildings and not suffered any physical injury. All participants were assessed using the PTSD Checklist (PCL) (Weathers et al, 1994) and met the threshold criteria (PCL score ⩾ 35) for diagnosis of PTSD on the day of scanning. At the time of scanning, all patients were medication-naïve.
Healthy Controls
One hundred and twenty-two HC subjects were included in the analysis here (see Table 1 ). All were recruited by poster advertisement, and screened using the non-patient edition of the SCID to confirm the lifetime absence of psychiatric illnesses. In addition, these subjects were interviewed to exclude individuals with a known history of psychiatric illness in first-degree relatives.
Data Acquisition
All neuroimaging was conducted using a 3-T MRI scanner (EXCITE; General Electric, Milwaukee, WI) with an 8-channel phased-array head coil. Images were acquired using a gradient-echo echo-planar imaging sequence with a repetition time ( 
Data Analysis
Preprocessing. Functional images were preprocessed using the SPM8 software (http://www.fil.ion.ucl.ac.uk/spm) running under Matlab 7.1 (Math Works, Natick, MA). Before preprocessing, the first five scans were discarded to remove the impact of magnetization stabilization. For each participant, images were realigned to the first of the run and resliced with sinc interpolation. The resulting images were then normalized to a standard ICBM EPI template using nonlinear-basis functions and spatially smoothed with a 8-mm full-width at half-maximum isotropic Gaussian kernel; this compensated for residual variability in functional anatomy after spatial normalization, and allowed the use of Gaussian random field theory in the statistical analysis of the data. To test for differences in head movement, we estimated the frame-wise displacement of each subject-a measure of head movement from one volume to the next calculated as the sum of the absolute values of the realignment estimates at every timepoint (Power et al, 2012) ; an ANOVA did not reveal significant differences across the four groups (d.f. = 3, F = 1.903, p = 0.129).
Time-series construction. Using the preprocessed images, the T2*-informed BOLD signal was extracted from all voxels, and the time-series of the responses were constructed. For each subject, three directional movement parameters were regressed out, in addition to their first derivatives, and cerebrospinal fluid-related signal changes inferred from a mask including only voxels within the ventricles. Finally, we band-passed the time-series between 0.01 and 0.1 Hz.
Network masks. In accordance with our hypotheses, separate analyses were conducted for each network of interest. In each case, a specific mask was used to limit the analysis to those regions included within each network: the DMN, CEN, and salience network (SN), respectively (see Supplementary Figure S1 ). The masks used here were obtained from a previous study investigating large-scale networks in psychopathology (Menon and Uddin, 2010) .
Within-network connectivity. The time-series from each voxel was correlated with the time-series from all other voxels within the same network; this was carried out for each of our networks of interest (ie DMN, CEN, SN). The subsequent correlation matrices were then z-transformed, and the average correlation of each voxel with every other voxel in the mask was calculated. Therefore, for each voxel we obtained a value representing its average correlation with every other voxel in the mask. We then applied a mass-univariate approach looking for voxel-wise differences in the level of coordinated participation within masks between groups, with age and gender included as covariates of no interest. Alterations common to the three diagnostic groups were identified by comparing FEP, MDD, and PTSD patients against healthy controls (eg FEP, MDD, and PTSD vs HC) and then using the inclusive masking option (at po0.05 uncorrected) in the SPM8 software to identify those regions that survived the diagnosis-specific comparisons (ie FEP vs HC; MDD vs HC; and PTSD vs HC). This enabled us to detect alterations in the FEP group that reflect a transdiagnostic feature of psychiatric illness. Alterations specific to the FEP group were identified by comparing the FEP patients against the other three groups (eg FEP vs HC, MDD and PTSD) and then using the inclusive masking option (at po0.05 uncorrected) in the SPM8 software to identify those regions that survived the individual comparisons (ie FEP vs HC; FEP vs MDD; FEP vs PTSD). This enabled us to detect alterations that are a specific feature of the FEP group. For each network of interest, statistical inferences were made at po0.05 after family-wise error (FWE) correction and a further correction to account for the number of networks investigated (n = 3). All reported regions were localized using the Harvard Cortical and Subcortical Atlas toolbox in FMRIB Software Library View (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/).
Internetwork connectivity. The time-series of each voxel within a network (eg the DMN) was individually correlated with the average time-series of all voxels within another network (eg the SN); this was carried out for each pair of networks ( ie DMN-SN, SN-DMN, DMN-CEN, CEN-DMN,  SN-CEN and CEN-SN) . For each pair, we then applied a mass-univariate approach to test for group differences in functional connectivity between each voxel within the first network (eg the SN) and the second network as a whole (eg the DMN), with age and gender included as covariates of no interest. Alterations common to the three diagnostic groups were identified by comparing FEP, MDD and PTSD patients against HCs (eg FEP, MDD and PTSD vs HC) and then using the inclusive masking option (at po0.05 uncorrected) in the SPM8 software to identify those regions that survived the diagnosis-specific comparisons (ie FEP vs HC; MDD vs HC; and PTSD vs HC). This enabled us to detect alterations in the FEP group that reflect a transdiagnostic feature of psychiatric illness. Alterations specific to the FEP group were identified by comparing the FEP patients against the other three groups (eg FEP vs HC, MDD and PTSD) and then using the inclusive masking option (at po0.05 uncorrected) in the SPM8 software to identify those regions that survived the individual comparisons (ie FEP vs HC; FEP vs MDD and FEP vs PTSD). This enabled us to detect alterations that are a specific feature of the FEP group. For each network of interest, statistical inferences were made at po0.05 after FWE correction and a further correction to account for the number of pairs investigated (n = 6). Again, all reported regions were localized using the Harvard Cortical and Subcortical Atlas toolbox in the FMRIB Software Library View (http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/).
RESULTS
Demographics
Demographic information including age, gender, and years of education is reported in Table 1 . With respect to age, a one-way ANOVA showed a significant difference between groups (F = 17.30, d.f. = 3, po0.05). Post hoc analyses with Bonferroni correction showed that, on average, subjects in the FEP group were significantly younger compared with those in the PTSD group (mean difference = 10.38 years, po0.001). In addition, CTRL subjects were significantly younger compared with those in the PTSD group (mean difference = 13.49 years, po0.001) and the MDD group (mean difference = 9.27 years, po0.001). With respect to gender, a χ 2 test showed that there was no significant difference between groups (χ 2 = 6.83, d.f. = 3, p = 0.078). With respect to years of education, one-way ANOVA showed a significant difference between groups (F = 36.18, d.f. = 3, po0.05). Post hoc tests with Bonferroni correction showed that, on average, subjects in the PTSD group had significantly less years of education on average than those in the FEP group (mean difference = 6.38 years, po0.001), the CTRL group (mean difference = 5.44 years, po0.001), or the MDD group (mean difference = 5.93 years, po0.001). In contrast, there were no significant differences in years of education between the FEP, CTRL, and MDD groups.
Within-Network Connectivity
The three patient groups showed reduced within-network connectivity relative to the HC group (po0.05 after FWE correction); close inspection of the results revealed that this effect was localized in the ventral-medial prefrontal cortex and the left posterior-inferior parietal cortex within the DMN (see Figure 1 and Table 2 ). However, it should be noted that the effect in the left posterior-inferior parietal cortex comprised of a single voxel. In contrast, there were no statistically significant differences that were specific to the FEP group. This pattern of results indicates that reduced within-network connectivity is common to the three diagnostic categories rather than a specific feature of the FEP group.
Within-network connectivity in the ventral-medial prefrontal cortex and the left posterior-inferior parietal cortex was not associated with PANSS Positive Score, PANSS Negative Score, PANSS General Score, and PANSS Total Score in the FEP group (p40.05). In addition, withinnetwork connectivity in the ventral-medial prefrontal cortex and the left posterior-inferior parietal cortex was not correlated (p40.05 uncorrected) with gray matter volume in the same regions-which was estimated after preprocessing the structural images of all participants using the DARTEL pipeline (Ashburner, 2007) ; therefore, we found no evidence that our results could be explained by partial volume effects (Pettersson-Yeo et al, 2015) . Network-level dysconnectivity in psychosis Q Gong et al
Internetwork Connectivity
The FEP group showed significantly greater internetwork correlation between the DMN, particularly the anterior cingulate cortex, and the CEN relative to the other three groups (x = 0, y = 50, z = − 5; z-score: 5.41, po0.001 after FWE correction; cluster size: 162; Figure 2 ). Individual comparisons revealed that this effect was driven by the FEP group having significantly greater internetwork correlation between the anterior cingulate cortex and the CEN compared with the CTRL group (z-score: 3.91, p = 0.012 after FWE correction), the PTSD group (z-score: 5.17, po0.001 after FWE correction), and the MDD group (z-score: 4.49, p = 0.005 after FWE correction). In contrast, there was no significant difference between the CTRL, PTSD, and MDD groups (p40.05). This pattern of results indicates that greater correlation between the anterior cingulate cortex within the DMN and the CEN is specific to the FEP group rather than a common feature of all three diagnostic categories. There were no statistically significant differences in terms of internetwork correlation between the central executive and SNs or between the default mode and SNs. The internetwork correlation between the anterior cingulate cortex and the CEN was not associated with PANSS Positive Score, PANSS Negative Score, PANSS General Score, and PANSS Total Score in the FEP group (p40.05). In addition, the internetwork correlation between the anterior cingulate cortex and the CEN was not correlated (p40.05 FWE-corrected) with regional gray matter volume within these two networks; again, this suggests that our results are unlikely to be explained by partial volume effects (Pettersson-Yeo et al, 2015) .
Global Signal
The average functional connectivity between all gray matter voxels did not differ among the four groups (d.f. = 3, F = 2.079, p = 0.103); therefore, we found no evidence that the above differences in intra-and internetwork connectivity can be explained by differences in global signal.
DISCUSSION
It has been proposed that the core neural deficit of psychosis lies in aberrant functional integration within large-scale neuronal networks (Friston, 1998; Pettersson-Yeo et al, 2011; Schmidt et al, 2014) . Network-level alterations, however, have been observed in several psychiatric disorders, including, for example, psychosis, MDD, and PTSD (Gong and He, 2015; Menon, 2011; Rubinov and Bullmore, 2013a; Woodward and Cascio, 2015; Zhang et al, 2016) . This suggests that at least some of the network-level alterations observed in people with psychosis may represent a transdiagnostic feature of psychiatric illness rather than a distinctive feature of the disorder. A further complication is Abbreviations: FEP, first-episode psychosis; FWE, family-wise error; PTSD, post-traumatic stress disorder; MDD, major depressive disorder; HC, healthy controls; x y z, Montreal Neurological Institute coordinates; K C , cluster size. All p-values are reported after FWE correction for multiple comparisons. a In contrast, there were no disease-specific differences in intranetwork connectivity in the FEP group relative to MDD, PTSD and HC groups. Network-level dysconnectivity in psychosis Q Gong et al that the vast majority of studies examined patients with established psychosis who had been on antipsychotic medication; this raises the possibility that some of the observed changes may have been due to the effects of illness chronicity and/or treatment (Sarpal et al, 2015) . To address these limitations, we examined functional connectivity in drug-naïve patients with a first episode of the illness in comparison with HCs, patients with MDD, and patients with PTSD. First, we characterized functional integration within networks by measuring the average correlation between a voxel and every other voxel in the same functional network. Here the three patient groups showed reduced within-network connectivity relative to the HC group in the ventral-medial prefrontal cortex and the left posterior-inferior parietal cortex within the DMN. Therefore, aberrant functional integration within this network appears to be a transdiagnostic feature of psychiatric illness rather than a distinctive feature of psychosis. The observation of abnormal within connectivity in the DMN but not in the SN or the CEN might be explained by the use of the resting-state paradigm, which involves internal monitoring processes subserved by the DMN. Consistent with this explanation, neuroimaging studies of psychosis that reported dysfunction in the SN or the CEN typically involved an active task and/or the presentation of external stimuli (Menon, 2011) . There are, however, at least two studies that reported dysfunction in the SN or the CEN of people with psychosis during rest (Pelletier-Baldelli et al, 2015; Sridharan et al, 2008; Wang et al, 2016) , suggesting that further research is required to elucidate the impact of different experimental paradigms (ie resting state vs active task) on the results.
If poor functional integration of the DMN is a transdiagnostic feature of psychosis, MDD and PTSD, what is the common phenotype of this neural deficit? Psychosis, MDD, and PTSD have in common a significant degree of cognitive dysfunction, which can take different forms including through disorder, catastrophic belief, misinterpretation of external or internal stimuli, and generalization (Power et al, 2012) . Consistent with this observation, cognitive dysfunction is a major risk factor for all forms of psychopathology during the complex transition from adolescence to adulthood, and a negative prognostic factor in those individuals who become ill (Pettersson-Yeo et al, 2015) . Therefore, we speculate that the functional dysconnectivity of the DMN may underlie the significant degree of cognitive dysfunction that characterizes psychosis, MDD and PTSD. Unfortunately, this possibility could be tested using the present data, as cognitive performance was not assessed.
A characterization of functional integration in terms of intranetwork connectivity can only provide partial information, given the reliance of high-level affective and cognitive processes on the dynamic interaction of multiple networks (Berman et al, 2016; Kelly et al, 2008) . Therefore, we also characterized internetwork integration by correlating the average time-series of different networks. This revealed significantly heightened internetwork correlation between the DMN, particularly the anterior cingulate cortex, and the CEN in patients with FEP. The anterior cingulate cortex has long been thought to have a key role in the neuropathology of psychosis; in particular, human and animal studies provide converging evidence for reductions in neuronal, synaptic, and dendritic density, as well as excess of afferent input (Adams and David, 2007; Fornito et al, 2009) ; interestingly, some of these changes have been shown to normalize upon administration of antipsychotic medication (Braus et al, 2002) . The observation of heightened internetwork correlation between the anterior cingulate cortex and the CEN is consistent with the results of previous studies that reported aberrant integration between the DMN and CEN in schizophrenia (Manoliu et al, 2014; Williamson, 2007) . However, these results were based on the comparison between patients with psychosis and healthy controls, and therefore could not establish the diagnostic specificity of the observed changes. Here we extend the previous knowledge by showing that aberrant functional connectivity between the anterior cingulate cortex and the CEN is a distinctive feature of psychosis rather than a transdiagnostic feature of psychiatric illness.
If heightened internetwork correlation between the DMN and the CEN is a distinctive feature of psychosis, one would expect this neural deficit to be associated with a diseasespecific phenotype. Previous studies have suggested that heightened DMN-CEN integration underlies impaired coordination of self-monitoring and task-performance-a core feature of psychosis (Manoliu et al, 2014; Williamson, 2007) . Furthermore, existing evidence suggests that DMN-CEN integration is dependent on aberrant input from the insula-a neural mechanism that has a key role in assigning emotional salience to objects, people, and events (Manoliu et al, 2014; Sridharan et al, 2008) . This has led to the hypothesis that impaired coordination of self-monitoring and task performance in psychosis can be explained by aberrant emotional salience processing (Manoliu et al, 2014) . Further research is required to examine this hypothesis and clarify the phenotypic correlates of the observed heightened correlation between the DMN and the CEN.
A strength of the present investigation is that all four groups were scanned using the same MRI scanner and image acquisition parameters, and therefore the changes in functional connectivity reported here cannot be explained by systematic differences in the acquisition of the data. A further strength is that, at the time of scanning, patients with psychosis were experiencing their first episode of the illness and were still medication-naïve. This means that the alterations in intra-and internetwork functional integration reported here cannot be explained by illness chronicity or medication-two common confounds in neuroimaging studies of psychiatric disease. This may account for the fact that we found fewer and smaller alterations in comparison with previous neuroimaging studies using the same restingstate paradigm (van den Heuvel and Fornito, 2014) . For example, as reported in Table 2 , the reduced within-network connectivity in the left posterior inferior parietal cortex comprised of a single voxel surviving FWE correction for multiple comparisons. The observation of fewer and smaller alterations in the present investigation suggests that some of the changes reported in the existing literature may reflect the effects of illness chronicity or medication.
In addition, the present investigation has several limitations that are worth mentioning. First, we cannot exclude the possibility that the aberrant functional integration between the DMN and the CEN that we report as a distinctive feature of psychosis may be expressed in other psychiatric groups (eg autism). Second, although medication, age, and gender were modelled as covariates of no interest using a linear model, we cannot exclude nonlinear effects of these variables, and furthermore there are other sources of variability such as IQ and wealth status that were not monitored and might have contributed to the results. Third, because we used a cross-sectional rather than a longitudinal design, we were unable to distinguish between correlates of illness vulnerability and correlates of illness onset (Anticevic et al, 2015) . Fourth, we used a candidate circuit analysis motivated by the focus of our investigation on three functional networks of interest implicated in psychosis (Menon, 2011) ; however, the use of alternative analytical approaches such as connectome-wide analysis and topological analysis might have revealed addiction network-level alterations (Fornito and Bullmore, 2015) .
In conclusion, our findings indicate a dissociation between aberrant intranetwork connectivity as a transdiagnostic feature of psychiatric illness, and aberrant internetwork connectivity as a distinctive feature of psychosis. They also suggest that, when the confounds of illness chronicity and medication are removed, network-level alterations are less evident than in previous studies. Future research will be required to establish whether the dissociation between intraand internetwork changes reported here is also evident when perform active tasks.
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